The effect of potassium supply of Vicia laba on the fixation of molecular nitrogen by root nodules was studied by using 5N-labeled molecular nitrogen. Plants well supplied with potassium showed higher contents of "N in the soluble amino fraction and in the protein fraction of various plant organs as compared with plants of a lower potassium status. This effect was evident particularly in the root nodules. Assimilation experiments, carried out with '4CO2, revealed that the content of radioactivity in the sugars and amino acids of the root nodules was increased by the potassium supply of the host plants. In particular, the content of "C amino acids in the root nodules was influenced beneficially by potassium, which means that potassium favored the provision of reduced nitrogen (Nil3 Potassium in the form of K,SO, was given in addition. The first experimental series comprised two, the second, three potassium levels: K1, 0.5 meq/l; K2, 1.5 meq/l; K., 4.5 meq/l. The K concentration of the nutrient solution was controlled every 2nd day. As soon as the K concentration in the K, treatment had fallen off to below 0.25 meq/l, the solution was replaced by fresh solution. As a result of the additions of NaOH, a constant pH 6 of the solution was kept throughout the experiment. During the 1st week of growth, the plants had been supplied also with NH4NO. at a rate corresponding to 1 mM in the nutrient solution. The solution was aerated three times a day.
Today about 12,000 different species of higher plants are known living in symbiosis with N-fixing bacteria (17) . Nearly 200 are legumes cultivated as crop plants in agriculture and horticulture. The N fixed by their root nodules does not affect only the N cycle of nature, but is also of economic importance. Therefore, greater attention should be paid to the question of whether the nutritional status of the host plant has a major influence on N, fixation by Rhizobium. Wu et al. (20) reported that abundant supplies of phosphate and potassium to soybeans had a beneficial effect on N, fixation by Rhizobium japonicum. Similar observations have been made by Gukova and Tjulina (5) with Lupinus and Vicia. It is not yet known whether K+ exerts a direct influence in this respect or a more indirect one by improving the growth of the host plant. The object of the following experiment was to investigate this question more closely.
MATERIALS AND METHODS
The experiments were carried out with young plants of Vicia faba grown in solution culture. After being germinated on filter paper, the plants were placed in a special box (Fig. 1) and supplied with nutrient solution of the following composition: 3 mM MgSO4, 1.5 mM NaH,PO4, 6 mm CaCl2, 28 tM MnSO, 20 iM H,BO,. 3 iiM CuSO4, 3 /iM ZnSO4, 0.6 mM Na molybdate, 0.6 yM CoCl2, and 20 uM Fe chelate.
Potassium in the form of K,SO, was given in addition. The first experimental series comprised two, the second, three potassium levels: K1, 0.5 meq/l; K2, 1.5 meq/l; K., 4.5 meq/l. The K concentration of the nutrient solution was controlled every 2nd day. As soon as the K concentration in the K, treatment had fallen off to below 0.25 meq/l, the solution was replaced by fresh solution. As a result of the additions of NaOH, a constant pH 6 of the solution was kept throughout the experiment. During the 1st week of growth, the plants had been supplied also with NH4NO. at a rate corresponding to 1 mM in the nutrient solution. The solution was aerated three times a day.
The plants of the first series were grown in this nutrient solution for a period of 4 weeks, those of the second series for 6 weeks. Then, they were exposed to "NN2 to investigate their N,-fixing potential. For this purpose a special box was constructed. The lid of the box (Fig. 1 ) had holes through which the plants could grow. The roots were kept in three compartments filled with nutrient solution of different K concentrations. A fourth compartment contained a bottle with labeled N,
(1 liter with a 93 % enrichment of 'N). Prior to the application of labeled N2, the holes in the box were sealed by means of a plastic mass (Prestix) to prevent gas exchange with the outer atmosphere, and about 25% of the nutrient solution was removed to obtain a larger volume of air in the root medium, especially in the zone of major root nodule development. Then, the bottle with labeled N, was opened and N, was distributed evenly within the box by a pump. A more detailed description of the experimental setup has been published recently by Haghparast (7) . The amount of "N. in the root atmosphere of the first experiment was 5-atom % excess, and 4-atom % in the second. The plant roots were exposed to this atmosphere for a period of 12 hr. The plants were then harvested and divided into roots, nodules, stems, and leaves.
In another two series with two and three K levels, respectively, the content of "C-labeled sugars and amino acids in the root nodules was determined. The plants used for these experiments were grown in the same way as described above. The plants were then placed into an airtight Plexiglas box containing labeled CO2 (1 mCi of "CO,) and left there for 22 hr under artificial light with 20,000 lux. Details of this technique have been described by Haeder and Mengel (6) . The various plant organs were subjected to extraction three times with a solution of 75% ethanol. The extract was dried in a vacuum evaporator at 35 C, and the residue was dissolved in a water-chloroform mixture ( ,tg of ';N whereas in the Ks treatment it rose to 226 leg of "3N.
The conclusion that increased N turnover in the nodules as a result of improved K supply to the host plant had a greater effect on N2 fixation by Rhizobiumt than the number and size of the nodules is supported by the fact that the data in Tables  II and III This statement is supported also by results of experiments with labeled C (Table IV) . The content of "4C-labeled material increased with better K nutrition. K+ obviously promoted the transport of carbohydrates from the green plant parts into the root nodules. This had a marked effect on the content of labeled C in the amino acid fraction. In the second experiment, the C label of the sugar fraction of nodules from the K1 treatment was in the same order of magnitude as that of the amino acid fraction, whereas the label of the amino fraction in the K3 treatment was nearly twice as high as the label in the sugar fraction. This demonstrates clearly that K+ especially favored the formation of reduced N (NH3).
DISCUSSION
Legumes well supplied with inorganic nutrients are supposed to fix more N2 by their root nodules than plants that are deficient in one or another element. This may be a result of an indirect effect of plant nutrients, because plants well supplied with nutrients produce more leaf matter, resulting in an increased CO2 assimilation by the plant. The fact that photosynthesis favors N2 fixation by root nodules has been reported by various authors (13, 19) . This possibly leads to an improved supply of carbohydrates to the roots so that number and size of the nodules will be increased. Such an effect is also exerted by K+, as can be seen from the data in Table I . This finding alone, however, cannot explain the increased N2 fixation of nodules from plants well supplied with K+, because the K effect on N2 fixation per plant was considerably higher than the K effect on nodule size or number. The beneficial action of improved K supply on the growth of the host plants does not furnish a satisfactory explanation for the higher contents of labeled N in the various plant parts, as in plants with larger amounts of leaf, stem, and root matter the fixed N is distributed among a larger volume of plant substance, and for this reason an increase in the content of labeled N in the different plant organs cannot be expected per se. Higher contents of labeled N in the various plant parts therefore indicate that also the N turnover of the root nodules was improved by K+. This statement is supported by the data given in Table IV showing that the amount of Clabeled sugars and in particular that of C-labeled amino acids per g fresh weight of root nodules increased with increasing K supply to the host plant. There might be a connection between this K effect and the provision of Rhizobium bacteroides with carbohydrates. According to recent publications by various authors, K+ promotes the translocation of carbohydrates in higher plants (1, 8, 18 Carbohydrates provided by the host plant to Rhizobiuin bacteroides affect the metabolism of the latter. In these processes the tricarboxylic acid cycle plays a decisive part (2) . It supplies the nitrogenase with electrons and ATP, required for the reduction of N2 to NH3. According to investigations of Koch et al. (11) and Klucas and Evans (10) 
